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DESCRIPTION 
BENZOPYRAN DERIVATIVE 

Technical Field 

The present invention relates to benzopyran derivatives 
having a prolongation effect on the functional refractory period, 
which are used for treatments of arrhythmia in mammal including 
human beings. 

Backg TOund Art 

As benzopyran derivatives, there have been known 4- 
acylaminobenzopyran derivatives exemplified by CromaJcalim 
(Japanese Patent Application Laid-ppen No. She 58-67683) . These 
4--acylaminobenzopyran derivatives exemplified by Cromakalim are 
known to open an ATP sensitive K* channel and to be effective for 
the treatment of hypertension or asthma, but there has not been 
any mention as to the treatment for arrhythmia based on the 
prolongation effect on the functional refractory period. 

Now, conventional antiarrhythmic agents having the 
prolongation effect on the functional refractory period as a main 
function (such as Class I drugs of antiarrhythmic agent 
classification according to Vaughan Williams, or d-sotalol 
belonging to Class III) have highly dangerous arrhythmic inducing 
actions that can result in sudden death such as torsades de pointes 
based on extension of ventricular muscle action potential relating 
to the prolongation effect on the functional refractory period, 
which become the therapeutic problems* Thus, agents having less 
side effects are desired. 

Disclosure of Invention 

The inventors of the present invention have made an intensive 
study of compounds having the prolongation effect on the functional 
refractory period more selective for atrium muscle than for 
ventricular muscle, and fotand that the compound of the general 
formula (I) has a prolongation effect on the functional refractory 
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period selective for atrium muscle without any influence on the 
refractory period of ventricular muscle and action potential 
parameters « 

The inventors of the present invention have studied eagerly 
benzopyran derivatives , and found that the compound of the formula 
(I) has the strong prolongation effect on the functional refractory 
period, and it is useful as an antiarrhythmic agent. The present 
invention has been made based on this finding. 

The present invention relates to a benzopyran derivative of 
the formula (I) 




wherein, and represent each independently a hydrogen atom, 
a Ci.g alkyl group in which the alkyl group may be optionally 
substituted with a halogen atom, a C^.g alkoxy group or a hydroxyl 
group; or a phenyl group in which the phenyl group may be optionally 
substituted with a halogen atom, a hydroxyl group, a nitro group, 
a cyano group, a C^.^ alkyl group or a C^^.^ alkoxy group, 

represents a hydroxyl group or C^.g alkylcarbonyloxy group, 
R^ represents a hydrogen atom, or R^ and R"* together form a 

bond, 

m represents an integer of 0-4, 
n represents an integer of 0-4, 

Y is absent, or represents CR^^R^^, in which R^^ and R^^ represent 
each independently a hydrogen atom or a C^.^ alkyl group, 

R^ represents an aryl group or a heteroaryl group in which 
the aryl group and the heteroaryl group may be optionally 
substituted with q* (R^^) , in which R^^ represents a halogen atom, 
a hydroxyl group, a C^.^ alkyl group in which the allqrl group may 
be optionally substituted with a halogen atom or a C^.^ alkoaqf group; 
or R^^ represents a nitro group, a cyano group, a formyl group, a 
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formamlde group, an amino group, a Cx.^ alkylamino group, a di- 
Cx.6^^^y^^^^>^^ group, a C^.^ alkylcarbonylamlno group, a C^.g 
alkylsulfonylamlno group, an axolnocarbonyl group, a C^.g 
alkylaminocarbonyl group, a dx^-C^.g alkylaxoxnocarbonyl group, a C^.g 
alkylcarbonyl group, a C^.g alkoxycarbonyl group, an aminosulfonyl 
group , a C^.g alkylsulf onyl group , a carboxyl group or an arylcarbonyl 
group, q represenlis an integer of 1-3, and each R^^ may be same or 
different; if q represent:s 2 or 3, 

represent:s a hydrogen atem or a C^.g alkyl group, 

R^ represen'bs a hydrogen a-tom or a C^.g alkyl group, 

X is abseni:, or represents C=0 or SO2, 

R^ represent a hydrogen atom, a C^.g alkyl group in which -the 
alkyl group may be op'bionally substi'bu'ted with a halogen atom, a 
hydroxyl group or a C^.g alkoxy group ; or C3_g cydoalkyl group , and 

R^ represents a hydrogen atom, a halogen atom, a nitro group 
or a cyano group; 

or a pharmaceutically acceptable salt thereof. 

The compound according to the present invention has the strong 
prolongation effect on the functional refractory period and it can 
be used as a drug for treating arrhythmia. 

Respective substituents for the compound (I) according to the 
present invention are illustrated specifically as follows « 

Herein, ^^n^' means normal, ^^i^' means iso, ^^s" means secondary, 
means tertiary, ^^c" means cyclo, ^^o" means ortho, *^m'' means 
meta, and ^^p'' means para. 

^1*6 alkyl groups, there may be mentioned methyl, ethyl, 
n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 1-pentyl, 
2-pentyl, 3-pentyl, i-pentyl, neopentyl, 2 ,2-dimethylpropyl, 
1-hexyl, 2-hexyl, 3-hexyl, 1-methyl-n-pentyl , 1 , 1 ,2~trimethyl- 
n-propyl , 1,2 , 2-trimethyl-n-propyl , 3 , 3-dimethyl-n-butyl , 
trif luoromethyl , trif luoroethyl , pentaf luoroethyl , cyanomethyl 
and hydroxymethyl , etc. 

Preferably, there may be mentioned methyl, ethyl, n-propyl, 
i-propyl and n-butyl. 

As halogen atoms, there may be mentioned a fluorine atom, a 
chlorine aton, a bromine atom and an iodine atom. Preferably, there 
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may be men'tioned a fluorine at:oiii, a chlorine a1:om and a bromine 
at:om. 

As Ci.g alkoxy groups, there may be mentioned methoxy, 
trifluoromethoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, i- 
butoxy, s-butoxy, t-butoxy, 1-pentyloxy, 2-pentyloxy, 3-pentyloxy, 

1- pen tyloxy , neopentyloxy , 2,2 -dimethylpropoxy , 1 -hexy loxy , 2 - 
hexyloxy , 3~hexyloxy , 1 -methyl -n-penty loxy , 1,1, 2- trimethyl-n- 
propoxy , 1,2, 2 - trimethyl-n-propoxy and 3 , 3 -dimethyl -n-butoxy , 
etc. 

Preferably, there may be mentioned me thoxy , ethoxy, n-propoxy 
and i-propoxy. 

As Ci_6 alkylcarbonyloxy groups, there may be mentioned 
methylcarbonyloxy, ethylcarbonyloxy , n-propylcarbonyloxy , i- 
propylcarbonyloxy , n-butylcarbonyloxy , i-butylcarbonyloxy , s- 
butylcarbonyloxy , t-butylcarbonyloxy , 1 -pen tylcarbony loxy , 2 - 
pentylcarbonyloxy , 3 -pen tylcarbony loxy , i-pen tylcarbonyloxy , 
neopen tylcarbony loxy , t-pen tylcarbonyloxy , 1 -hexylcarbonyloxy , 
2 -hexylcarbonyloxy , 3 -hexylcarbonyloxy , 1-methyl-n- 

pentylcarbonyloxy , 1 , 1 ,2-trimethyl-n-propylcarbonyloxy , 1,2,2- 
tr imethyl -n-propylcarbonyloxy and 3 , 3-dime thyl-n- 

bu tylcarbonyloxy , etc . 

Preferably, there may be mentioned methylcarbonyloxy, 
ethylcarbonyloxy , n-propylcarbonyloxy , i-propylcarbonyloxy , n- 
bu tylcarbonyloxy and t-butylcarbonyloxy . 

As aryl groups, there may be mentioned phenyl, biphenyl, 
naphthyl, anthryl and phenanthryl, etc. 

Preferably, there may be mentioned phenyl, biphenyl and 
naphthyl . 

As heteroaryl groups, there may be mentioned 2-thienyl, 
3-thienyl, 2-furyl, 3-furyl, 2-pyranyl, 3-pyranyl, 4-pyranyl, 

2- benzofuranyl, 3-benzofuranyl, 4-benzof uranyl , 5-benzofuranyl, 

6- benzofuranyl, 7 -benzof uranyl, 1-isobenzof uranyl, 4- 
isobenzof uranyl , 5-is<d3enzof uranyl, 2-ben2othienyl, 3- 
benzothienyl , 4-benzothienyl , 5-benzothienyl , 6-benzothienyl , 

7- benzothienyl, 1-isobenzothienyl, 4-isobenzothienyl, 5- 
isobenzothienyl , 2-chromenyl, 3-chromenyl, 4-chromenyl, 5- 
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chromenyl , 6-chromenyl , 7-chroiaenyl , 8-chromenyl , 1-pyrrolyl , 
2-pyrrolyl/ 3-pyrrolyl^ l-imidazolyl^ 2 -imidazolyl , 4-imidazolyl, 

1- pyrazolyl, 3-pyrazolyl, 4-pyrazolyl, 2— thiazolyl, 4-thiazolyl, 
5-thiazolyl , 3-isothiazolyl , 4-lsothiazolyl , 5-isothiazolyl , 

2- oxazolyl, 4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 

5- isoxazolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrazinyl, 2- 
pyrimidxnyl , 4-pyriiiiidinyl, 5-pyrimidinyl, 3-pyridazinyl , 4- 
pyridazxnyl, 1-indolizinyl , 2-indolizinyl, 3-indolizinyl , 5- 
indoUzxnyl, 6-indolizinyl , 7-indoliz±nyl^ 8-indolizinyl ^ 1- 
isoindolyl , 4-isoindolyl , 5-isoindolyl , 1-indolyl , 2-±ndolyl , 

3- indolyl, 4-±ndolyl, 5-indolyl, 6-indolyl, 7-indolyl, 1- 
indazolyl, 2-indazolyl, 3-indazolyl, 4-indazolyl, 5-indazolyl, 

6- indazolyl, 7-indazolyl^ 1-purinyl, 2-purinyl^ 3-purinyl, 6- 
purinyl, 7-purinyl, S-purinyl, 2-quinolyl, 3-quinolyl, 4-quinolyl, 
S-quinolyl, 6-quinolyl, 7-quinolyl, 8-quinolyl, 1-isocpiinolyl^ 

3- isoqu±nolyl, 4-isoquinolyl, 5-isoquinolyl , 6-isoquinolyl , 7- 
isoquinolyl, 8-isoquinolyl, 1-phthalazinyl, 5-phthalazinyl, 6- 
phtJialazlnyl , 2-naphthyridinyl , 3-naphthyridinyl , 4- 
naphthyrldxnyl , 2 -quinoxalinyl , 5-quinoxalinyl , 6-quinoxalinyl , 
2-quinazolxnyl, 4-ciuinazolinyl , 5-quinazolinyl , 6-quinazolinyl, 

7- quinazolinyl , 8-quinazolinyl, 3-cinnolinyl, 4-cinnolinyl, 5- 
cinnollnyl, 6-cinnolinyl, 7-ciimolinyl , 8-cinnolinyl, 2- 
pterxdlnyl, 4-pteridinyl, 6-pteridinyl ^ 7-pteridinyl and 3- 
f urazanyl , etc . 

Preferably, there may be mentioned 2 -pyr idyl , 3-pyridyl and 

4- pyridyl, etc. 

As Ci.g alkylamino groups , there may be mentioned methylamino , 
ethylamino, n-propylamino , i -propylamine, c-propy lamino , n- 
butylamino, i-butylamino, s-butylamino, t-butylamino , c- 
butylamino , 1 -penty lamino , 2 -penty lamino , 3 -pen ty lamino , i - 
pentylaxaino , neopen tylamino , t-pentylamino , c-pentylamino , 1 - 
hexylamino, 2-hexylamino, 3-hexylamino, c-hexylamino , 1- 
methyl-n-pentylamino , 1,1 , 2- trimethyl-n-propylamino , 1,2,2- 
trimethyl-n-propylamino and 3 , 3-dimethyl-n-butylamino, etc. 

Preferably, there may be mentioned methylamino, ethylamino, 
n~propylamino , i-propylamino and n-butylamino. 
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As di-Ci.g alkylamino groups, there may be mentioned 
dxmethylamxno , diethylamino , di-n-propylamino , di-i-propylamino, 
di-c-propylamino , di-n-butylamino , di-i -butyl amino , di-s- 
butylamino , di-t-butylamino , di-c-butylamino , di-l-pentylamino , 
di-2-pentylamino, di-3-pentylamino, di-i-pentylamino , di- 
neopentylamino , di-t-pentylamino , di-c-pentylamino , di-1- 
hes^lamlno , di-2-hexylamino , di-3-hexylamxno , di-c-hexylamino , 
di- (1-methyl-n-pentyl) amino , di- (1,1, 2-trimethyl-n-propyl) amino , 
di- (1 ,2,2-trimethyl-n-propyl) amino, di- (3 , 3-dimethyl-n- 

butyl ) amino , methyl (ethyl ) amino , methyl (n-propyl ) amino , 

methyl ( i-propyl) amino , methyl (c-propyl ) amino , methyl (n- 

butyl) amino , methyl (i-butyl) amino , methyl (s-butyl) amino , 

methyl (t-butyl) amino , methyl (c-butyl) amino, ethyl (n-propyl) amino, 
ethyl (i-propyl) amino, ethyl (c-propyl) amino, ethyl (n-butyl) amino , 
ethyl (i-butyl) amino , ethyl (s-butyl) amino, ethyl (t-butyl) amino , 
ethyl (c-butyl) amino , n-propyl (i-propyl) amino , n-propyl (c- 
propyl) amino , n-propyl (n-butyl) amino , n-propyl (i-butyl) amino , 
n-propyl (s-butyl) amino, n-propyl (t-butyl) amino, n-propyl (c- 
butyl) amino , i-propyl (c-propyl) amino , i-propyl (n-butyl) amino , 
i-propyl (i-butyl) amino , i-propyl (s-butyl) amino , i-propyl ( t- 
butyl) amino , i-propyl (c-butyl) amino , c-propyl (n-butyl) amino , 
c-propyl (i-butyl) amino , c-propyl (s-butyl) amino , c-propyl ( t- 
butyl) amino , c-propyl (c-butyl) amino , n-butyl (i-butyl) amino , n- 
butyl (s-butyl) amino , n-butyl (t-butyl) amino , n-butyl (c- 

bu tyl) amino , i-butyl ( s-butyl) amino , i-butyl ( t-butyl) amino , i- 
butyl (c-butyl) amino , s-butyl (t-butyl) amino , s-butyl (c- 

butyl) amino and t-butyl (c-butyl) amino , etc . 

Preferably, there may be mentioned dimethylamino , 
diethylamino , di-n-propylamino , di-i-propylamino and di-n- 
butylamino . 

As C^.e alkylcarbonylamino groups, there may be mentioned 
methylcarbonylamino , ethylcarbonylamino , n-propylcarbonylamino , 
i-propylcarbonylamino , n-butylcarbonylamino , i-butylcarbonyl- 
amlno, s-butylcarbonylamino , t-buty Icarbonylamino , 1-pentyl- 
carbonylamino , 2-pentylcarbonylamino, 3-penylcarbonylamino, . i- 
pentylcarbonylamino , neopentylcarbonylamxno , t-pentyl- 
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carbonylamxno , 1 -hexylcarbonylamxno , 2 -hexylcarbony lamino and 
3-hexylcarbonylamxno , ete . 

Preferably, there may be mentioned methylcarbonylamino , 
etihylcarbonylamino , n-propylcarbonylam±no , x-propylcarbonylamino 
and n-butylcarbonylamxno . 

As alkylstil£onylamxno groups, there may be mentioned 

methyl snlfonylamxno , ethylsulf onylamino , n-propylsulf onylamxno , 
x-propylsulf onylamxno , n-butylsulf onylamxno , x-butylsulf onyl- 
amxno , s-butylsulf onylamxno , t-butylsulf onylamxno , 1-pentyl- 
sulf onylamxno , 2 -pen tylsulf onylamxno , 3-pentylsulf onylamxno , 
x-pentylsulf onylamino , neopentylsulf onylamino , t-pentyl- 

sulfonylamino , 1 -hexylsulf onylamino , 2 -hexylsulf onylamino and 
3-he3cylsul£onylamino , etc . 

Preferably, there may be mentioned me thylsulf onylamino, 
ethylsulf onylamino, n-propylsulf onylamino , i-propylsulf onylamino 
and n-butylsulf onylamino. 

As Cj.fi alkylaminocarbonyl groups, there may be mentioned 
methylazoinocarbonyl , ethylaminocarbonyl , n-propyleuninocarbonyl , 
i-propylaminocarbonyl , n-butylaminocarbonyl , i-butylamino- 
carbonyl, s-butylaminocarbonyl , t-butylaminocarbonyl , 1- 
pentylaminocarbonyl , 2 -pentylaminocarbonyl , 3 -pen ty lamino- 
carbonyl , i -pentylaminocarbonyl , neopentylaminocarbonyl , t- 
pentylaminocarbonyl , 1 -hexylaminocarbonyl , 2 -hes^laminocarbonyl 
and 3 -hexylaminocarbonyl, etc. 

Preferably, there may be mentioned methyl£Qninocarbonyl , 
ethylaminocarbonyl, n-propylcuninocarbonyl , i-propylcuninocarbonyl 
and n-butylaminocarbonyl . 

As di-Ci,fi alkylaminocarbonyl groups, there may be mentioned 
dimethylaminocarbonyl , diethylaminocarbonyl , di-n-propyl- 
aminocarbonyl , di-i-propylaminocarbonyl , di-c-propylamino- 
carbonyl , di-n-butylamino carbonyl , di-i-butylaminocarbonyl , 
di- s-butylaminocarbonyl , di- t-butylaminocarbonyl , di-c-butyl-- 
aminocarbonyl , di-l-pentylaminocarbonyl , di-2-pentylcmiino- 
carbonyl , di- 3 -pentylaminocarbonyl , di-i-pentylaminocarbonyl , 
di -neopentylaminocarbonyl , di-t-pentyl aminocarbonyl , di-c- 
pentylaminocarbonyl , di-1 -hexylaminocarbonyl , di-2-hexyl- 
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aminocarbonyl and dx-S-hexylamxnocarbonyl, e'tc. 

Preferably/ t:here may be mentioned dimet:hylaminocarbonyl , 
dxe1:hylam±nocarbonyl , d±-n-propylaminocarbonyl , di-i-propyl- 
amlnocarbonyl , dx-c-propylamxnocarbonyl and d±-*n-butyl- 
amxnocarbonyl . 

As C]^.5 alkylcarbonyl groups, tiiere may be mentioned 
methylcarbonyl , et^hylcarbonyl , n-propylcarbonyl , 1-propyl- 
carbonyl , n-butylcarbonyl , i-butylcarbonyl , s-butylcarbonyl , 
t-butylcarbonyl , 1-pentylcarbonyl , 2-pentylcarbonyl , 3-pentyl- 
carbonyl, 1-pentylcarbonyl , neopentylcarbonyl , t-pentylcarbonyl , 

1- hexylcarbonyl, 2-hexylcarbonyl and 3-hexylcarbonyl . 

Preferably, tJiere may be mentioned methylcarbonyl, 
ethylcarbonyl , n-propylcarbonyl , 1-propylcarbonyl and n- 
butylcarbonyl • 

As Ci.g alkoxycarbonyl groups, there may be mentioned 
methoxycarbonyl , ethoxycarbonyl , n-propoxycarbonyl , 1- 
propoxycarbonyl , n-butoxycarbonyl , 1-butoxycarbonyl , s- 
bu toxycarbony 1 , t-bu toxycarbonyl , 1 -pen tyloxycarbonyl , 2 - 
pentyloxycarbonyl , 3-pentyloxycarbonyl , 1-pentyloxycarbonyl , 
neopen tyloxycarbonyl , t-pentyloxycarbonyl , 1 -hexyloxycarbony 1 , 

2 - hexyloxy carbonyl and 3-hexyloxycarbonyl, etc. 

Preferably, there may be mentioned methoxycarbonyl, 
ethoxycarbonyl, n-propoxycarbonyl , 1-propoxycarbonyl , n- 
butoxycarbonyl , 1-bu toxycarbonyl, s-bu toxycarbonyl and t- 
bu toxycarbonyl • 

As C^.g alkylsulfonyl groups, there may be mentioned 
methanesulf onyl and ethanesulf onyl . 

As arylcarbonyl groups, there may be mentioned benzoyl, 
p-methylbenzoyl , p-t-butylbenzoyl , p-methoxybenzoyl , p- 
chlorobenzoyl , p-nltrobenzoyl and p-cyanobenzoyl • 

Preferably, there may be mentioned benzoyl, p-nltrobenzoyl 
and p--cyanobenzoyl . 

As cycloalkyl groups , there may be mentioned cyclopropyl , 
eyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl, 
etc. 

Preferably, there may be mentioned cyclopropyl, eyclobutyl 



8 



wo 01/21610 



PCT/JPOO/06323 



and cyclohexyl. 

As prefer£J:>le compounds used In t:he present invention, the 
following compounds may be mentioned. 

(1) A benzopyran derivative of the formula (I) or 
pharmaceutically acceptable salt thereof, wherein and 
represent both methyl groups, represents a hydroxyl group and 
R^ represents a hydrogen atom. 

(2) A benzopyran derivative or pharmaceutically acceptable salt 
thereof according to the aforementioned (1) , wherein R^ represents 
a hydrogen atom or a nitro group. 

(3) A benzopyran derivative or pharmaceutically acceptable salt 
thereof according to the aforementioned (2) , wherein X represents 
C=0, and R^ and R^ represent both hydrogen atoms. 

(4) A benzopyran derivative or pharmaceutically acceptable salt 
thereof according to the aforementioned (3) , wherein R^ represents 
a benzene ring, Y is absent, m represents 0, and n represents 1 
or 2. 

(5) A benzopyran derivative or pharmaceutically acceptcLble salt 
thereof according to the aforementioned (4) , wherein R^ represents 
an alkyl group , R^ represents a nitro group , and n represents 2 . 

Specific examples of the compounds that can be used in the 
present invention are shown as follows, but the present invention 
is not limited thereto. Herein, ^^Me" means a methyl group, ^^Ef 
means an ethyl group, ^^Pr" means a propyl group, ^^Bu'' meajis a butyl 
group, ^^Pen^' means an pentyl group, ^^Hex" means a hexyl group, ^^Ph" 
means a phenyl group, ^^Ac'^ means an acetyl group (COCH3) , and 
means a bond, respectively. 
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The compound according to th& present: invention has 
asymmetric carbon atoms at 3-position and 4-positon, thus optical 
isomers thereof based on the asymmetric carbon atoms are present, 
which can be used in the application of the present invention similar 
to racemate thereof. Further, a cis or trans isomer based on 
configuration at 3-position and 4-position may be included, but 
the trans isomer is preferable. 

Further, when the conspounds can form their salts, the 
pharmaceutical ly acceptable salts can be also used as active 
ingredients . 

As pharmaceutically acceptable salts , there may be mentioned 
hydrochlorides , hydrobromides , sulfates , methanesulf onates , 
acetates , benzoates , tartrates , phosphates , lactates , maleates , 
fumarates, malates, gluconates and salicylates, etc. 

Preferably, there may be mentioned hydrochlorides and 
methanesulf onates . 

Then , the preparation method of the compound according to the 
present invention is illustrated. 

Of the compounds of the formula (I) , those wherein 
represents a hydrogen atom and R"^ represents a hydroxyl group , which 
are the compounds of formula (I-a) , can be obtained by reacting 
a compound of the general formula (2) with a compound (3) in an 
inert solvent, as shown in the following reaction scheme. 

The compound of the general formula (2) can be synthesized 
according to known methods (methods descrdLbed in J.M. Evauis et al. , 
J. Med. Chem. 1984, 27, 1127, J. Med. Chem. 1986, 29, 2194, J.T. 
North et al., J. Org. Chem. 1995, 60, 3397, as well as Japanese 
Patent implication Laid-Open No. Sho 56-57785, Japanese Patent 
implication Laid-Open No . Sho 56-57786 , Japanese Patent i^pi^oation 
I*aid-ppen No. Sho 58-188880, Japanese Patent implication Laid- 
Open No. Hei 2-141, Japanese Patent implication Laid-open No. Hei 
10-87650 and Japanese Patent implication I«aid-Open No. Hei 11- 
209366, etc.) . 
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(I-a) 

In this scheme, R^, R^^ R^, R^, r"^, R®, R^, X, Y, m and n are 
as defined above. 

As t:he solvents used ±n the reaction of the compound o£ the 
general formula (2) with the compound (3) , the following may be 
mentioned. 

There may be mentioned sulfoxide type solvents exemplified 
by dlmethylsulf oxide ; amide type solvents exemplified by 
dlmethylformamlde or dlmethylacetam±de ; ether type solvents 
exemplified by ethyl ether, dlmethoxyethane or tetrahydrofuran; 
halogen type solvents exemplified by dlchlorome thane, chloroform 
and dlchloroethane ; nltrlle type solvents exemplified by 
acetonltrlle and proplonltrlle ; aromatic hydrocarbon type solvents 
exemplified by benzene and toluene; hydrocarbon type solvents 
exemplified by hexane and heptane; and ester type solvents 
exemplified by ethyl acetate. Further, the reaction can be carried 
out In the absence of a solvent. Preferably, ether type solvents 
and nltrlle l^pe solvents may be mentioned. 

The reaction temperature Is generally from — 80^C to the reflux 
temperature of the reaction solvent, preferably from— 10 ""C to 100^ C. 

The molar ratio of the reaction materials is within the range 
of 0 . 5-20 • 0 , preferably 1 • 0-10 . 0 , for the coospound (3) /the compound 
(2). 

An acid catalyst may be used in the reaction. 

As the acid catalysts used, there aiay be mentioned inorganic 
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acids exemplified by hydrochloric acid and sulfuric acid, as well 
as Lewis acids exemplified by aluminum chloride, 1:i1:anium 
tet:rachloride , boron trifluoride diethyl ether complex, perchloric 
acid, lithium perchlorate, lithium bromide and ytterbium 
trif luoromethanesulf onate , etc . 

Of the contpounds of the general formula (1) , those other than 
the compounds of formula (1-a) described above (those of the formula 
(I) wherein and together form a bond and those of the formula 
(I) wherein R^ represents a hydrogen atom and R^ represents a C^.g 
alkylcarbonyloxy group) can be prepared by the methods similar to 
those described in Japanese Patent Implication Laid-open No . Sho 
52-91866 and Japanese Patent ^plication Laid-open No. Hei 10- 
87650, etc. 

Preferably, there may be mentioned lithium bromide, 
perchloric acid and lithium perchlorate. 

Syntheses of optically active compounds included in the 
compounds of the general formula (I) can be attained by utilizing 
optical resolution methods (Japanese Patent Application Laid-Open 
No. Hei 3-141286, U.S. Patent No. 5097037 and European Patent No. 
409165) , Further, syntheses of optically active compounds of the 
general formula (2) can be attained by utilizing asymmetrical 
synthetic methods (Japanese National Publication No . Hei 5-507645, 
Japanese Patent Application Laid-Open No. Hei 5-301878, Japanese 
Patent ^plication Laid-open No. Hei 7-285983, European Patent 
Application Laid-open No. 535377, and U.S. Patent No. 5420314) . 

As described above, ^e, inventors, found that the compound 
of the general formula (X) has the strong prolongation effect on 
the functional refractory period. The prolongation effect on the 
functional refractory period is one of the functions of 
antiarrhythmic action and an important indicator that can be 
eKtrapolated to efficiency for clinical arrhythmia. Conventional 
antiarrhythmic agents having the prolongation effect on the 
functional refractory period as the main function (such as d-sotalol 
belonging to Class ZXX of the antiarrhythmic agent classification 
according to Vaughan Milliams) have quite dangerous arrhythmic 
inducing actions that can result in sudden death such as torsades 
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de po±ni:es based on eK'benslon of ventricular muscle actilon po1^exit:lal 
relai:lng to the prolongation effect on the functional refractory 
period, which become the therapeutic problems for arrhythmia based 
on atrium (such as supraventricular tachycardia, atrial flutter 
and atrial fibrillation) . Xn order to solve the problems , ^e , 
inventors, carried out searching and studying of compounds having 
the prolongation effect on the functional refractory period more 
selective for atrixam muscle than for ventricular muscle, and found 
that the compound of the general formula (X) has the prolongation 
effect on the functional refractory period selective for atritmi 
muscle without any influence on the functional refractory period 
of ventricular muscle and action potential . The difference between 
the present invention by the inventors and the known techniques 
is to provide the prolongation effect on the functional refractory 
period selective for atrium muscle by the compound, which is shown 
by the following facts; without any influence on the action 
potential sustaining period of removed ventricular muscle and 
without any influence on the electrocardiogram QT of anesthetized 
animal . From the above , the compounds of the present invention have 
no arrhythmic inducing action in ventricular muscle, thus they can 
provide possibilities of more safe uses for arrhythmia based on 
atrium muscle than known techniques. The technique according to 
the present invention is useful for therapeutic or preventive uses 
as anti-=atrial fibrillation agents, anti-atrial flutter agents and 
anti-atrial tachycardia agents relating to paroxysmal, chronic, 
preoperative, intraoperative or postoperative atrial arrhythmia, 
prevention of proceeding to eanbolus based on atrial arrhythmia, 
prevention of proceeding to ventricular arrhythmia or tachycardia 
originated from atrial arrhythmia or tachycardia, and prevention 
of the life prognosis worsening based on the preventive action for 
atrial arrhythmia or tachycardia which can be proceeded to 
ventricular arrhythmia or tachycardia. 

The present invention provides a pharmaceutical cos^osition 
or veterinary pharmaceutical composition containing the coss^ound 
of the generally formula (X) in an effective amount for these 
treatments . 
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As administering forms of the cosqpound according to the 
present invention, there may be mentioned parenteral 
administrationsbymeams of injections (subcutaneous, intravenous, 
intramuscular and intraperitoneal injections), ointments, 
suppositories and aerosol, or oral administrations by means of 
tablets, capsules, granules, pills, syrups, solutions, emulsions 
and suspensions, etc. 

The above-mentioned pharmaceutical or veterinary 
pharmaceutical composition contains the compound according to the 
present invention in an amount of about 0 . 01-99 . 5% , preferably about 
©•l-30%, of the total co9q>osition weight. 

In addition to the compound according to the present invention 
or the composition containing the coxopound, other pharmaceutical ly 
or veterinary pharmaceutically active compounds may be contained. 

Further, these conpositions may contein the plurality of 
compounds according to the present invention. 

A clinical administration amount varies depending on age, 
weight and sensitivity of the patient, extent of condition of the 
patient, etc. and an effective administration amount is generally 
about 0.003-1.5 g, preferably 0.01-0.6 g, per day for adult. If 
necessary, however, the amount outside of the above-mentioned range 
may be used. 

The compound according to the present invention is formulated 
for administration by conventional pharmaceutical means. 

That is, tablets, capsules, granules and pills for oral 
administration are prepared by using excipients such as sucrose, 
lactose, glucose, starch and mannitol; binders such as 
hydroxypropyl cellulose, syrup, gum arable, gelatin, sorbitol, 
tragacanth, methyl cellulose and polyvinyl pyrrolidone; 
disintegrators such as starch, carboxymethyl cellulose or its 
calcium salt, microcrystalline cellulose and polyethylene glycol; 
lubricants such as talc, magnesixim or calcium stearate, and silica; 
lubricaing agents such as sodium laurate and glycerol, etc. 

Injections, solutions, emulsions, suspensions, syrups and 
aerosols are prepared by using solvents for the active components 
such as water, ethyl alcohol, isopropyl alcohol, propylene glycol. 
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1,3-butylene glycol and polyethylene glycol; surfactants such as 
sorbitan fatty acid ester, polyoacyethylene sorbxtan fatty acid 
ester, polyoxyethylene fatty acid ester, polyoxyethylene ether of 
hydrogenated castor oil and lecithin; suspending agents such as 
carboxymethyl sodium salt, cellulose derivatives such as methyl 
cellulose , tragacanth , and natural rubbers such as gum arable ; and 
preserves such as p-hydroxybenzoic acid esters, benzalkonium 
chloride and sorbic acid salts, etc. 

For ointments that are transdermally adsorptive 
pharmaceutics, white vaseline, liquid paraffin, higher alcohols, 
Macrogol ointments, hydrophilic ointments and aqueous gel-type 
bases are, for exanple, used. 

Suppositories are prepared by using, for example , cocoa fats , 
polyethylene glycol, lanolin, fatty acid triglyceride, coconut oil 
and Polysorbate etc. 

Best Mod e for Carrying Out the Invention 

The present invention is illustrated in detail by the Examples 
as follows, but the present invention is not limited to these 
Examples . 

[Synthesis Examples] 
Synthesis example 1 

Trans-6-acetylamino-3, 4-dihydro-2 ,2-dimethyl-7-nitro-4- (2- 
phenetylamino) -2H-l-benzopyran-3-ol 




To a solution of 6-acetylamino-3 , 4-epoxy-3 , 4-dihydro-2 ,2- 
dimethyl-7-nitro-2H-l-benzopyran (500 mg, 1,80 mmol) and lithium 
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perchlorate (766 mg, 7.20 xnmol) ±n 1:et:rahydro£uran (15 mL) , 2- 
phene^ylamlne (904 7.20 mmol) was added at -bhe room 'bemperaliure 
and stirred at 65*'C for 9 hours. 

Thereto, ethyl acetate was added, and the formed orgemic phase 
was washed twice with an aqueous saturated ammonium chloride 
solution and once with an aqueous saturated sodium chloride solution , 
and dried over anhydrous magnesium sulfate. 

After the solvent was distilled off, the residue was purified 
by medium-pressure column chromatography (hexane: ethyl acetate 
=1:1) and thereafter recrystallized from hexane - ethyl acetate, 
to obtain the intended substance as yellow crystals (yield; 61%) . 
mp. : 172-174 ^'C 

^H-NMR (CDCI3) 8 : 1.17 (s, 3H) , 1.48 (s, 3H) , 1.60 (br s, 2H) , 2.28 
(s, 3H) , 2.83 (t, J- = 7.0 Hz, 2H) , 2.85-3.00 (m, 2H) , 3.47 (d, A 
part of AB, J- = 10.3 Hz, IH) , 3.67 (d, B part of AB, *7 = 10.3 Hz, 
IH) , 7.21-7.33 (m, 5H) , 7.60 (s, IH) , 8.59 (s, IH) , 9.96 (s, IH) . 
MS (EI) m/z; 400[M+1]*, 327 (bp). 

The following compounds were obtained by the similar method 
(Synthesis examples 2-36) . 

Synthesis example 2 

Trans - 6 -ace ty lam i no - 3 , 4-dihydro-2 ,2-dimethyl-7-nitro-4- (3- 
pheny Ipr opy lamino ) - 2 H - 1 -benz opy r an- 3 -o 1 




Yield: 71 % 

^H-NMR (CDCI3) 6 :1.21 (s, 3H) , 1.51 (s, 3H) , 1.87 (quint, 47= 7.4 
Hz, 2H), 1.94 (br s, 2H) , 2.27 (s, 3H) , 2.63-2.73 (m, 4H) , 3.54 
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(d, A par-b of KB, J- 10.3 Hz, IH) , 3.71 (d, B par-t of AB, «7 = 10.3 
Hz, IH) , 7.16-7.23 (m, 3H) , 7.25-7.27 (m, 2H) , 7.63 (s, IE), 8.68 

(s, IH) , 10.02 (s, IH) . 
MS (EI) m/z; 413 [M]^, 221 (bp). 

SynthQS7,s ? 

Trans -6-acetylamino-3 , 4-dihydro-2 , 2-dimethyl-7-ni'tro-4- (4- 
phenylbuthylamino) -2H-l-benzopyran-3-ol 



Yield: 50 % 

*H-NMR (CDCI3) 6 :1.20 (s, 3H) , 1.52 (s, 3H) , 1.55-1-60 (m, 2H) , 
1.63-1.75 (m, 2H) , 2.25 (s, 3H) , 2.40 (br s, 2H) , 2.62 (t, J = 7 . 4 
Hz, 2H) , 2.58-2.72 (m, 2H) , 3.57 (d, A part of AB, J" = 10.0 Hz, 
IH) , 3.70 (d, B part of AB, J" =10.0 Hz, IH) , 7.15-7.18 (m, 3H) , 
7.24-7.62 (m, 2H) , 7.62 (s, IH) , 8.67 (s, IH) , 10.00 (s, IH) . 
MS (EI) m/z; 427 [M]\ 150 (bp). 

Synthesis example 4 

Trans- 6-acetylamino-3 , 4-dihydro-2 , 2-dimethyl-7-nitro-4- [2- (4- 
hydroxyphenyl) ethylamino] -2H-l-benzopyran-3-ol 
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Yield: 29 % 

^H-NMR (CDCI3) 5 :1.17 (s, 3H) , 1.48 (s, 3H) , 2.00 (br s, 3H) , 2.29 
(s, 3H) , 2.70-2.85 (m, 3H) , 2.8^-2.95 (m, IH) , 3.51 (d, A part of 

AB, J- = 10.3 Hz, IH) , 3.66 (d, B part of AB, J = 10.3 Hz, IH) , 6.77 
(d, jrs8.4Hz, 2H) , 7.06 (d, J--8.4HZ, 2H) , 7.60 (s, IH) , 8.46 
(s, IH) , 9.95 (s, IH) . 

MS (EX) m/z; 416[M-fl]^, 308 (1^). 

Synthe sis exam ple 5 

Trans-6-acetylaminO'-3 , 4-dihydro-2 ,2-diiaethyl-7-nitro-4- 12- (4- 
methoxyphenyl) ethylamino] -2H-l-benzopyran-3-ol 

pMe 




Yield: 18 % 

^H-NMR (CDCI3) 6 :1.18 (s, 3H) , 1.49 (s, 3H) , 1.80 (br s, 2H) , 2.27 
(s, 3H) , 2.76-3.00 (m, 4H) , 3.56 (d. Apart of AB, J" = 10-5 Hz, 
IH) , 3.77 (d, B part of AB, 10.5 Hz, IH) , 3.79 (s, 3H) , 6.83 

(d, J-s 8.6 Hz, 2H) , 7.23 (d, J" = 8.6 Hz, 2H) , 7.61 (s, IH) , 8.55 
(s, IH) , 9.93 (s, IH) . 
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MS (EI) m/z; 430[M+1]*, (bp). 
Synthesis example 6 

Trans-6-acetylamino-3 , 4-dihydro-2 , 2-climethyl-7-nit:ro-4- [2- (4 
chlorophenyl) ethylamxno] -2H-l-benzopyran-3-ol 




Yield: €6 % 

^H-NMR (CDCI3) 6 :1.18 (s, 3H) , 1,49 (s, 3H) , 1.70 (br s, 2H) , 2.28 
(s, 3H) , 2.78 (t, *J = 6.8 Hz, 2H) , 2.84-2.99 (m, 2H) , 3.50 (d, A 
part of AB, *7 = 10.2 Hz, IH) , 3.68 (dd, B part of AB, J = 10.2 and 
1.0 Hz, IH) , 7.17 (d, *J= 8.4 Hz, 2H) , 7.27 (d, 8.4 Hz, 2H) , 

7.61 (s, IH) , 8.59 (s, IH) , 9.97 (s, IH) . 
MS (EI) m/z; 434[M+1]^, 361 (bp). 

Synthesis example 7 

Trans- 6-acetylamino-3 , 4-dihydro-2 ,2-dimethyl-7-nitro-4- £2- (4- 
axoxnophenyl) ethylamino] -2H-l-benzopyran-3-ol 
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Yield: 40 % 

^H-NMR (CDCI3) 6 :1.17 (s, 3H) , 1.48 (s, 3H) , 1.69 (br s, 4H) , 2.28 
(s, 3H) , 2.71 (t, J- = 6.8 Hz, 2H) , 2.79-2.92 (m, 2H) , 3.48 (d, A 
part of AB, <7 10.3 Hz, IH) , 3.67 (dd, B part of AB, «7 = 10.3 and 
1.1 Hz, IH) , 6.63 (d, J = 8.6 Hz, 2H) , 7.02 (d, J = 8.6 Hz, 2H) , 
7.60 (s, IH) , 8.58 (s, IH) , 9.96 (s, IH) . 
MS (EI) m/z; 415[M+1]*, 237(bp). 

Traiis-6-acetylaiiiino-3 , 4-dihydro-2 ,2-dimethyl-7-iiitro-4- [2- (4- 
nitrophenyl) ethylamlno] -2H-l-benzopyran-3-ol 



Yield: 19 % 

mp. : 211-213 **C (decomposition) 

^H-NMR (DMSO-dg) 6 : 1.15 (s, 3H) , 1.45 (s, 3H) , 2.05 (s, 3H) , 
3.05-3.40 (m, 5H) , 4.06 (m IH) , 4.51 (m, IH) , 6.44 (s, IH) , 7.40 
(s, IH) , 7.56 (d, J= 8.8 Hz, 2H) , 7.90 (s, IH) , 8.20 (d, J" = 8.8 
Hz, 2H) , 10.14 (s, IH) . 
MS (EI) m/z; 444[M]*, 371 (bp). 

Synthes j.gf ^yamplea 9-36 




AcHN 




OH 
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Synthesis example No, R 
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R 




Synthesis example No. R 




Synthes.-i IP f»y?inp;i^ <> 

Red. cryslial 

mp- : 176.5-178.0 °C 

^H-MMR (CDCI3) 8 : 1.17 (s, 3H) , 1.48 (s, 3H) , 2.27 (s, 3H) , 2.86-2.98 
(m, 4H) , 3.46 (d, J'slO.OHz, IH) , 3.68 (d, J'»10.0Hz, IH) , 7.00-7.10 
(m, 2H) , 7.17-7.26 (m, 2E) , 7.61 (s, IH) , 8.63 (s, IH) , 9.98 (s, 
IH) . 

MS (EI) m/z; 418[M+1]'', 346, 309, 179 (bp). 

Red cryst^al 

mp. : 163.5-165.0 'C 

^B-MMR (CDCI3) S : 1.18 (s, 3H) , 1.49 (s, 3H) , 2.27 (s, 3H) , 2.81-2.99 
(m, 4H) , 3.49 (d, «7sl0.1Hz, IH) , 3.68 (d, «7«10.1Bz, IH) , 6.89-6.95 
(m, 2H) , 7.02 (d, J-^ 7.6 Hz, IH) , 7.23-7.26 (m, IB), 7.61 (s, IB), 

8.58 (8, IH) , 9.96 (a, IB). 
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MS (EI) m/z; 418[M+1]\ 344, 298 (bp). 

Synthesis exaigple 11 

Orange crys-tal 

n^. : 141.0-142.0 "C 

^H-NMR (CDCI3) 6 : 1.18 (s, 3H) , 1.49 (s, 3H) , 2.27 (s, 3H) , 2.78-2.97 
(m, 4H) , 3.49 (d, J-=10.1Hz, IH) , 3.68 (d, J^^lO.lHz, IH) , 6.99 
(t, jr = 8.8 Hz, 2H) , 7.19 (dd, J = 2.9, 5.5 Hz, 2H) , 7.61 (s, IH) , 
8.57 (s, IH) , 9.97 (s, IH) . 
MS (El) m/z; 417[M]*, 345, 302, 176 (bp). 

Syn-fahesis example 12 
Yellow crys-kal 
mp. : 151.0-152.0 

^H-NMR (CDCI3) 8 : 1.18 (s, 3H) , 1.49 (s, 3H) , 2.26 (s, 3H) , 2.77 (t, 
J- = 6.8 Hz, 2H) , 2.87-2.97 (m, 2H) , 3.51 (d, J" = 10.1 Hz, IH) , 3.69 
(d, J= 10.1 Hz, IH) , 6.33 (d, J - 2.2 Hz, IH) , 6.39 (d, J = 2.2 
Hz, 2H) , 7.60 (s, IH) , 8.55 (s, IH) , 9.93 (s, IH) . 
MS (EI) m/z; 459[Ml*, 441, 307, 278, 193 (bp). 

Synthesis example 13 
Red amorphous substance 

^H-NMR (CDCI3) 8 : 1.18 (s, 3H) , 1.48 (s, 3H) , 2.27 (s, 3H) , 2.78-2.97 
(m, 4H) , 3.50 (d, J-=10.lHz, IH) , 3.69 (d, J= 10.1 Hz, 1H),3.79 
(s, 3H) , 6.75-6.83 (m, 3H) , 7.21 (t, J-=7.6Hz, IH) , 7.60 (s, IH) , 

8.56 (s, IH) , 9.94 (s, IH) . 

MS (FAB) m/z; 430 [M+1]* (bp). 

Synthesis exa mple 14 

Red crystal 

np. : 171.5-172.8 

*H-NMR (CDCI3) 8 : 1.18 (s, 3H) , 1.48 (s, 3H) , 2.27 (s, 3H) , 2.86-2.98 
(m, 4H), 3.48 (d, J-=10.4Hz, IH) , 3.70 (d, J=10.4Hz, IH) , 7.14-7.22 
(m, 2H), 7.26-7.28 (m, IH) , 7.34 (dd, J= 1.6, 7.6 Hz, IH) , 7.61 
(s, IH) , 8.64 (s, IH) , 9.98 (s, IH) . 
MS (EI) m/z; 433[M-(-l]^, 357, 318 (bp) . 
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Synthesis exam ple 15 
Yellow amorphous stibs-bance 

*H-NMR (CDCI3) 8 : 1.18 (s, 3H) , 1.49 (s, 3H) , 2.28 (s, 3H) , 2.79 (t, 

J" = 6. 9 Hz, 2H) , 2.86-2.98 (m, 2H) , 3.50 (d, J'=10.1Hz, IH) , 3.68 

(d, J = 10.1 Hz, IH) , 7.12 (d, J = 8.2 Hz, 2H) , 7.42 (d, J"* 8.2 

Hz, 2H) , 7.61 (s, IH) , 8.60 (s, IH) , 9.98 (s, IH) . 
MS (EI) m/z; 481[M+2]^, 479[M]^, 406 (bp). 

Synthesis example 16 

Orange crystal 

mp. : 90.0-91.0 "C 

^H-NMR (CDCI3) 6 : 1.18 (s, 3H) , 1.48 (s, 3H) , 2.22 (s, 3H) , 2.24 (s, 
3H) , 2.27 (s, 3H) , 2.75-2.78 (m, 2H) , 2.88-2.91 (m, 2H) , 3.50 (d, 
J = 10.1 Hz, IH) , 3.69 (d, J" = 10.1 Hz, IH) , 6.96 (d, J = 7.7 Hz, 
IH) , 7.00 (s, IH) , 7.06 (d, J= 7.7 Hz, IH) , 7.60 (s, IH) , 8.61 
(s, IH) , 9.97 (s, IH) . 
MS (EI) m/z; 428[M+1]*, 356 (bp). 

Synthesis example 17 
Brovm amorphous substance 

^H-NMR (CDCI3) 5 : 1.16 (s, 3H) , 1.48 (s, 3H) , 2.29 (s, 3H) , 2.82 (brs, 
IH) , 3.25 (dd, J= 2.1, 7.7 Hz, 2H) , 3.52 (d, J" = 10.3 Hz, IH) , 
3.69 (d, J-s= 10.3 Hz, IH) , 7.18-7.35 (m, lOH) , 7.61 (s, IH) , 8.61 
(s, IH) , 9.98 (s, IH) . 

MS (EI) m/z; 475 [M+l]'^, 310, 280 (bp). 

Synthesjf <:^yyT^p,1,g> ;i p 
Yellow crystal 
mp. 186.0-188.0 "C 

^H-MMR (CDCI3) 6 : 1.18 (s, 3H) , 1.46 (t, J= 7.1 Hz, 3H) , 1.49 (s, 
3H), 2.27 (s, 3H), 2.78-3.02 (m, 4H) , 3.55 (d, J" = 10.3 Hz, IH) , 
3.76 (d, .7= 10.3 Hz, IH) , 4.11 (q, 7.1 Hz, 2H) , 6.76-6.82 (m, 

3H) , 7.61 (s, IH), 8.53 (s, IH) , 9.93 (s, IH) . 
MS (EI) m/z; 473[M+1]^, 440, 401, 308 (bp). 

Synthes-jg 19 
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Brown amorphous subs'bance 

^H-KMR (CDCI3) 6 : 1-19 (s, 3H) , 1.49 (s, 3H) , 2.27 (s, 3H) , 2.84-2.95 
(m, 4H) , 3.51 (d, 10.4 Hz, IH) , 3.71 (d, J= 10.4 Hz, IH) , 7.18 

(dd, J- =2.0, 8.0 Hz, IH) , 7.22 (d, 47= 8.0 Hz, IH) , 7.36 (d, J 
= 2.0 Hz, IH) , 7.61 (s, IH) , 8.63 (s, IH) , 9.99 (s, IH) . 
MS (EZ) m/z; 468[M]^, 396, 353 (bp). 

Synthes is example 20 

Red crystal 

mp. : 156.0-157.0 

^H-NMR (CDCI3) 6 : 1.19 (s, 3H) , 1.50 (s, 3H) , 2.28 (s, 3H) , 2.93-3.04 
(m, 4H), 3.52 (d, J= 10.1 Hz, IH) , 3.71 (d, J= 10.1 Hz, IH) , 6.88 
(d, J- = 3.3 Hz, IH) , 6.95 (dd, J= 3.3, 5.1 Hz, IH) , 7.16 (d, J 

= 5.1 Hz, IH) , 7.62 (s, IH) , 8.64 <s, IH) , 9.98 (s, IH) . 

MS (EI) m/z; 405 [M]^, 332, 308 (bp). 

Synthesis example 21 

Brown crystal 

mp. : 172.0-174.0 "C 

^H-MMR (CDCI3) 6 : 1.19 (s, 3H) , 1.49 (s, 3H) , 2.28 (s, 3H) , 2.84 (t, 
J- = 6.6 Hz, 2H) , 2.90-3.03 (m, 2H) , 3.53 (d, J = 10.1 Hz, IH) , 3.71 
(d, J- = 10.1 Hz, IH) , 7.18 (d, J = 5.9 Hz, 2H) ,7.62 (s, IH) ,8.49 
(d, J= 5.9 Hz, 2H) , 8.64 (s, IH) , 9.98 (s, IH) . 
MS (FAB) m/z; 401[M+1]*, 171, 157 (bp). 

Synthesis exam ple 22 
Brown amorphous substance 

*H-NMR (CDCI3) 6 : 1.20 (s, 3H) , 1.49 (s, 3H) , 2.28 (s, 3H) , 2.80-2.87 
(m, 3H) , 2.93-2.96 (m, IE), 3.58 (d, J= 10.3 Hz, IH) , 3.75 (d, 
J= 10.3 Hz, IH) , 7.24 (m, IH) , 7.60 (s, IH) , 7.62 (d, J-=1.5Hz, 
IH) , 8.42 (t, J= 1.5 Hz, 2H) , 8.67 (s, IH) , 9.96 (s, IH) . 
MS (EI) m/z; 400[M]^, 328, 280 (bp). 
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Synthesis example 23 

Orange crys-tal 

mp. : 147.0-149.0 "C 

^H-NMR (CDCI3) 6 : 1.24 (s, 3H) , 1.54 (s, 3H) , 2.26 (s, 3H) , 2.94-3.07 
(m, 2H) , 3.19-3.21 (m, 2H) , 3.66 (d, J= 10.1 Hz, IH) , 3.76 (d, 
J- = 10.1 Hz, IH) , 7.16-7.19 (m, IH) , 7.22 (d, J" = 7 . 7 Hz , IH) , 7.58 
(s, IH) , 7.63-7.68 (m, IH) , 8.53 (s, IH) , 8.71 (s, IH) , 9.94 (s, 
IH) . 

MS (FAB) m/z; 400[M]*, 366, 328, 120 (bp). 

Synthesis example 24 
Brown amorphous substance 

^H-NMR (CDCI3) 6 : 1.14 (s, 3H) , 1.45 (s, 3H) , 2.24 (s, 3H) , 2.91-3.02 
(m, 4H) , 3.51 (d, J = 10.3 Hz, IH) , 3.67 (d, .7= 10.3 Hz, IH) , 7.10 
(t, J- = 7.0 Hz, IH) , 7.14 (d, J- = 2.2 Hz, IH) , 7.20 (t, J= 7.0 
Hz, IH) , 7.37 (d, J'=8.1Hz, IH) , 7.57 (d, J=8.1Hz, IH) , 7.59 
(s, IH), 8.10 (brs, IH) , 8.43 (s, IH) , 9.82 (s, IH) . 
MS (PAB) m/z; 437[M-11*, 307, 278, 233, 194 (bp). 

Syn-thesjjH ovappi** 

Brown amorphous substeuice 

*H-NMR (CDCls) $ : 1.18 (s, 3H) , 1.49 (s, 3H) , 2.23 (s, 3H) , 2.87 (t, 
♦7= 6.8 Hz, 2H) , 2.94-2.99 (m, 2H) , 3.52 (d, J= 10.1 Hz, IE) , 3.70 
(d, J-=10.1 Hz, IH) , 7.30-7.35 (m, 3H) , 7.41-7.45 (m, 2H) , 7.52-7.59 
(m, 4H) , 7.60 (s, IH) , 8.61 (s, IH) , 9.96 (s, IH) . 
MS (EI) m/z; 475[M]^, 442, 401 (bp). 

Synthesis o^rample 26 
Red amorphous substance 

^H-MMR (CDCI3) b : 1.19 (s, 3H) ,1.49 (s, 3H) , 2.26 (s, 3H) , 2.76-2.79 
(m, 2H), 2.84-2.90 (m, IH) , 2.93-2.98 (m, IH) , 3.53 (d, «7 = 10.1 
Hz, IB), 3.70 (d, J- s 10.1 Hz, IH) , 3.86 (s, 3H) , 3.88 (s, 3H) , 
6.76-6.81 (m, 3H) , 7.60 (s, IH) , 8.54 (s, IB), 9.93 (s, IB). 
MS (EI) m/z; 460[M-I-1]^, 237, 165 (bp). 



36 



wo 01/21610 



PCT/JPOO/06323 



Yield: 58 % 
Yellow 0x^31:31 
otp. 225 

'H-NMR (DMSO-dg) 5 : 1.15 (s, 3H) , 1.45 (s, 3H) , 2.04 (s, 3H) , 
2.90-3.10 (m, 5H), 3.21 (br s, IH) , 4.00-4.05 (m, IH) , 4.47-4.51 
(m, IH), 5.09 (s, 2H) , 5.12 (s, 2E) , 6.75 (dd, J" = 8.2 and 1.8 Hz, 
IH) , 6.97 (d, J- = 8.2 Hz, IH) , 7.03 (d, J= 2.0 Hz, IH) , 7.28- 
7.46 (m, IIH), 7.96 (s, IH) , 10.20 (s, IH) . 
MS (El) m/z; 611 [M]* (bp). 

Synthesis example 28 
Yield: 32 % 
Yellow cryst:al 
n^. 227-228 'C 

"H-NMR (DMSO-de) 6 : 1.15 (s, 3H) , 1.29 (t, J'=7.0Hz, 3H) , 1.45 (s, 
3H) , 2.05 (s, 3H) , 2.90-3.10 (m, 4H) , 3.25 (br s, IH) , 3.74 (s, 
3H), 3.96 (q, J" = 7.0 Hz, 2H) , 4.00-4.05 (br s, IH) , 4.42 (br s, 
IH) , 6.45 (br s, IH) , 6.73 (dd, J-= 8.4 and 2 . 4 Hz, IH) , 6.85 (d, 
J' = 2.4 Hz, IH) , 6.86 (d, J'=8.4Hz, IH) , 7.40 (s, IH) , 7.92 (s, 
IH) , 10.16 (s, IH) . 
MS (EI) m/z; 473 [M]*, 233 (bp). 

Synthesis exanyle 29 
Yield: 40 % 

Yellow amorphous substance 

^H-NMR (CDCI3) 6 : 1.11 (s, 3H), 1.30 (t, J = 7 . 0 Hz , 3H) , 1.91 (s, 
3H) , 2.00 (s, 3H), 2.45-2.50 (m, 2H) , 2.65 (t, J" = 7.1 Hz, 2H) , 
2.75-2.85 (m, IH) , 3.58 (dd, A part of AB, J = 9 . 6 and 5 . 3 Hz, IH) , 
3.65 (d, B part of AB, J = 9.6 Hz, IH) , 3.97 (q, J" = 7 . 0 Hz, 2H) , 
5.43 (d, J = 5.3 Hz, IH) , 6.80 (d, J" = 8.8 Hz, 2H) , 7.10 (d, J" = 
8.8 Hz, 2H) , 7.60 (s, IH) , 8.32 (s, IH) , 9.95 (s, IH) . 
MS (EI) m/z; 443 [M]*, 237 (bp). 

Synthesis example 30 
Yield: 98 % 
Yellow crystal 
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xnp. 214-216 "C 
MS (EI) m/z; 467 [M]"^, 308 (bp). 

Synthesis example 31 
Yield: 96 % 
Orange crys'bal 
mp. 133-134 'C 

^H-NMR (CDCla) 5 : 1.18 (s, 3H) , 1.49 (s, 3H) , 1.60 (br s, IH) , 2.28 
(s, 3H) , 2.75-3.00 (m, 5H) , 3.50 (d. Apart of AB, J= 10.2 Hz, 
IH) , 3.69 (dd, B part of AB, J" = 10.2 and 1.0 Hz, IH) , 7.05-7.20 
(m, 4H) , 7.61 (s, IH) , 8.59 (s, IH) , 9.97 (s, IE). 
MS (EI) m/z; 433 [M]"^ (bp). 

Synthes -i cvam pie 32 
Yield: 82 % 
Orange solid 

^H-NMR (CDCI3) 6 : 1.18 (s, 3H) , 1.48 (s, 3H) , 2.27 (s, 3H) , 2.80-3.00 
(m, 6H) , 3.49 (d, A part of AB, J = 10 . 1 Hz, IH) , 3.69 (dd, B part 

of AB, .7 = 10.1 and 1.2 Hz, IH) , 7.40-7.50 (m, 4H) , 7.62 (s, IH) , 

8.63 (s, IH) , 9.99 (s, IH) . 
MS (EI) m/z; 467 [M]^, 348 (bp). 

Synthes^ff ovampie 33 
Yield: 84 % 

Yellow amorphous substemce 

^B-MMR (CDCl,) S : 1.19 (s, 3H) , 1.49 (s, 3H) , 1.58 (br IH) , 2.27 
(s, 3H) , 2.80-2.98 (m, 3H) , 3.08-3.23 (m, 2H) , 3.50 (d, A part of 

AB, J-^lO.SHz, IH) , 3.72 (d, Bpartof 2^, J-^ 10.3 Hz, IH) , 7.02-7.08 
(m, IH) , 7.25-7.28 (m, 2H) , 7.61 (s, IH) , 8.68 (s, IH) , 10.00 (s, 

IE) . 

MS (EI) m/z; 467 [M]*^, 354 (bp). 

Synthegiff ffx^wle 34 
Yellow crystal 
nrp. : 160.0-165.0 

^B-HMR (CDCI3) 8 : 1.33 (s, 3H) , 1.53 (s, 3H) , 2.14 (s, 3H) , 2.61 <d. 
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J= 2.8 Hz, IH) , 3.79 (dd, = 2.8, 8.8 Hz, IH) , 3.99 (d, .7 s 8 . 8 
Hz, IH) , 6.78 (d, J - 8.0 Hz, 2H) , 6.83 (t, J" = 7.6 Hz, IH) , 7.23 
(t, J= 8.0 Hz, 2H), 7.66 (s, IH) , 8.59 (s, IH) , 9.79 (s, IH) . 
MS (EI) m/z; 371(M1*, 299, 257 (bp). 

Synthesig exaroplg 35 
Yield: 87 % 

Yellow amorphous subs'bance, 1 : 1 iaixt:ure of Dlas-tereolsomers. 
^H-NMR (CDCI3) 6 : 1.15 (s, 6H) , 1.29 (d, J" =5.5 Hz, 6H) , 1.45 (s, 
3H) , 1.48 (s, 3 H) , 2.28 (s, 3H) , 2.29 (s, 3H) , 2.58 (br s, IH) , 
2.75-2.90 (m, 8H) , 2.95 (br s, 1H),3.37 (d, .7= 10.0 Hz, IH) , 3.50 
(d, J- = 10.0 Hz, IH) , 3.62 (d, J= 10.1 Hz, IH) , 3.64 (d, J-=10.1 
Hz, IH) , 7.20-7.38 (m, lOH) , 7.59 (s, IH) , 7.60 (s, IH) , 8.45 (s, 
IH) , 8.65 (s, IH) , 9.95 (s, IH) , 10.00 (s, IH) . 
MS (EI) m/z; 414tM+l]*, 279 (bp). 

Synthesis exam ple 36 
Yield: 27 % 

Orange solid, Diastereoisomer A (more polar) . 

*H-NMR (CDCI3) 6 : 1.20 (s, 3H) , 1.29 (d, J* = 6.5 Hz, 3H) , 1.44 (s, 
3H) , 1.72 (br s, 2H) , 2.26 (s, 3H) , 2.61 (dd. Apart of AB, J" = 
13.4 and 7.1 Hz, IH) , 2.86 (dd, B part of AB, J- = 13 . 4 and 6.5 Hz, 
IH) , 3.28-3.36 (m, IH) , 3.34 (d, A part of AB, J - 9.7 Hz, IH) , 
3.63 (dd, B part of AB, J 9 .7 and 1.1 Hz, IH) , 7.14 (d, J = 8.2 
Hz, 2H) , 7.26 (d, J=8.2Hz, 2H) , 7.60 (s, IH) , 8.84 (s, IH) , 10.06 
(s, IH) . 

MS (EI) m/z; 447 [M]* (bp). 
Yield: 32 % 

Yellow solid, Diastereoisomer B (less polar). 

^H-NMR (CaDClg) 6 : 1.14 (d, J= 6.0 Hz, 3H) , 1.23 (s, 3H) , 1.49 (s, 
3H) ,1.60 (br s, 2H) , 2.29 (s , 3H) , 2.76 (d, J" = 6.8 Hz, 2H) ,3.52 
(d. Apart of AB, .7= 10.0 Hz, IH) , 3.51 (dq, jr = 6.8 and 6.0 Hz, 
IH) , 3.65 (dd, B part of AB, <7 « 10.0 and 1.0 Hz, IH) , 7.25 (s, 
4H) , 7.56 (s, IH) , 8.54 (s, IH) , 9.91 (s, IH) . 
MS (EI) m/z; 447 [M]* (bp). 
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Syntihesis examples 37-49 
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Geneiral procedure for synthesis q£ compounds 37-49 

To a solution of 6-isopropylaiiiiclo-3,4-epo3qf-3^4-dihydro- 
2,2-dimethyl-7-nitro-2B-l-benzopyran (200 mg, 0.65 mmol) and 
lit:hitim bromide' (226 mg, 2.6 mmol) in tetrahydrofuran (2 mli) , amine 
(1.31 mmol) was added at the room tenqperature and stirred at 65 
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for 4 hours . Thereto , etihyl acet:at;e was added, and tiie formed organic 
phase was washed iiwxce wxt:h an aqueous sa4:urated sodxxam chloride 
solu-tion and dried over anhydrous magnesium sulfatie. Aflier -the 
solvent: was dist:illed off, t:he residue was purified by silica gel 
column chr omatography , t:o ob^bain t:he intended sisbstance as -the crude 
product. Subseq[uently , to a solution of the intended substance in 
methanol (10 times by volume) a 10% hydrogen chloride — methanol 
solution (twice by voliime) was added with ice-cooling and stirred 
for 30 minutes. Thereto, diisopropylether (100 timed by volume) 
was added, and the obtained crystals were filtered off, washed with 
diisopropylether, to obtain the intended hydrochloride . After the 
obtained hydrochloride was extracted with ethyl acetate and an 
aG[ueous saturated sodium hydrogencarbonate solution, ^H-NMR was 
determined. 

Synthesis exam ple 37 

Yield: 33 % 

Yellow crystal 

mp. : 228 (decomp.). 

MS (FAB) m/z; 414 [M+H]^. 

S yn tJiegi s eagample 38 

Yield: 30 % 

Yellow crystal 

mp . : 257 ^ C (decomp . ) . 

^H-KMR (CDCI3) d : 1.18 (s, 3H) , 1.32 (d, 47= 6.8 Hz, 6 H) , 1.49 (s, 
3H) , 1.60 (br s, IH) , 2.65 (quint, 47= 6.8 Hz, IH) , 2.80 (br s, 
IH) , 2.95-3.05 (m, 4H) , 3.50 (d. Apart of AB, 47= 10.3 Hz, IH) , 
3.68 (d, B part of AB, 47 = 10.3 Hz, IH) , 7.44 (d, 47 = 8.4 Hz, 2H) , 
7.64 (s, IH) , 8.17 (d, 47= 8.4 Hz, 2H) , 8.74 (s, IH) , 10.18 (s, 
IH) . 

MS (FAB) m/z; 473 [M+H]"^. 

Synth^gis exaiwpl^ 39 
Yield: 33 % 
Yellow crystal 



42 



wo 01/21610 



PCT/JPOO/06323 



n^. : 244-245 "C (decon^.)- 

*H-NMR (CDCI3) 6 : 1.18 (s, 3H) , 1.30 (d, J = 6.8 Hz, 6H) , 1.48 (s, 
3H) , 1.60 (br s,lH), 2.63 (quint, J= 6.8 Hz, IH) , 2.77 (t, «7 = 
6.8 Hz, 2H) , 2.95-3.00 (m, 3H) , 3.50 (d. Apart of AB, J= 10.3 
Hz, IH), 3.68 (d, B part of AB, J" = 10.3 Hz, IH) , 3.78 (s, 6H) , 
6-32 (d, J =2. A Ex, IH), 6.40 (d, J-=2.4Hz, 2H) , 7.62 (s, IH) , 
8.71 (s, IH) , 10.14 (s, IH) . 
MS (FAB) m/z; 488 [M4-H]^. 

Synthesis example 40 

Yield: 46 % 

Yellow crystal 

Tcqp. : 239 "C (decomp.) . 

MS (FAB) m/z; 446 [M+H]*. 

Synthesis exa mple 41 

Yield: 38 % 

Yellow crystal 

mp. : 249 "C (decomp.). 

MS (FAB) m/z; 496 [M+H]*. 

Synthesis example 42 

Yield: 23 % 

Yellow crystal 

mp. : 228 °C (decomp.). 

MS (FAB) m/z; 458 [M+H]*. 

Syntheflifl «:^3f am ple 43 

Yield: 31 % 

Yellow crystal 

mp. : 243 **€ (decomp.). 

MS (FAB) m/z; 446 [M+H]*. 

Yield: 26 % 
Yellow cir^stal 
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mp. : 242 °C (decOT^.). 

^H-NMR (CDCla) 6 : 1.17 (s, 3H) , 1.31 (d, J=6.9Hz, 6H) , 1.48 (s, 
3H) , 2.00 (br s, 2H) , 2.64 (quint, J= 6.9Hz, IH) , 2.75-3.00 (m, 
4H) , 3.50 (d. Apart of AB, jr = 10.0 Hz, IH) , 3.69 (d, B part of 
AB, J- = 10.0 Hz, IH) , 7.01 (t, J = 8.5 Hz, 2H) , 7.15-7.26 (m, 2H) , 
7.63 (s, IH) , 8.69 (s, IH) , 10.15 (s, IH) . 
MS (FAB) m/z; 446 [M-i-H]^. 

Synthesis example 45 

Yield: 9 % 

Yellow crystal 

mp. : 112-116 °C (decomp.) . 

MS (FAB) m/z; 442 [M+H]*. 

Synthesis exam ple 46 

Yield: 24 % 

Yellow crystal 

mp. : 250 "C (decos^.). 

^H-NMR (CDCI3) 6 : 1.18 (s, 3H) , 1.32 (d, «7=7.0Hz, 6H) , 1.49 (s, 
3H) , 1.62 (br s, 2H) , 2.65 (quint, J-= 7.0 Hz, IH) , 2.81 (t, »7 = 
6.6 Hz, 2H) , 2.88-3.00 (m, 2H) , 3.48 (d. Apart of AB, «7 10.3 
Hz, IH) , 3.66 (d, B part of AB, «7 s 10.3 Hz, IH) , 7.18 (d, .7 8.3 
Hz, 2H) , 7.26 (d, J= 8.3 Hz, 2H) , 7.63 (s, IH) , 8.71 (s, IH) , 10.16 
(s, IH) . 

MS (FAB) m/z; 462 [M-l-H]^. 

Synthes is example 47 

Yield: 35 % 

Yellow crystal 

mp. : 249 'C (deconp.) . 

MS (FAB) m/z; 462 [M+B]^. 

Synthesis example 48 

Yield: 16 % 

Yellow crystal 

mp. : 204-208 (decomp.) . 
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MS (FAB) m/z; 443 [M-f-H]"^. 

Synthesis example 49 
Red amorphous stibstance 

^H-NMR (CDCI3) 6 : 1.17 (s, 3H) , 1-32 (d, J-=7.0H2, 6H) , 1.48 (s, 
3H) , 2.27 (s, 3H) , 2.65 (q, 47= 7.0 Hz, IH) , 2.86-2.98 (m, 4H) , 
3.46 (d, J- = 10.0 Hz, IH) , 3.68 (d, J = 10.0 Hz, IH) , 7.22-7.32 
(m, 5H) , 7.61 (s, IH) , 8.63 (s, IH) , 9.98 (s, IH) . 
MS (El) m/z; 420 [M+1]*, 344, 179 (bp) . 

Syn-fchesis examples 50-75 
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Synthesis example No. R 



OMc 
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Synthesis example No. Structural formula 
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Synthesis example No. Structural formula 
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Synthesis example No. Structural formula 



7 2 

(optically active) 



7 3 

(optically active) 



7 4 

(optically active) 



7 5 

(optically active) 



7 6 

(optically active) 




AcHN 



O2N 
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General procednge for synthesis of compounds S0-.7S 

To a solution of C-cyclopropylamido-S, 4-epo3cy-3,4- 
dihydro-2,2-dimethyl-7-ni.tro-2H-l-benzopyran (200 mg, 0.66 mmol) 
and li-thium bromide (226 mg, 2.6 mmol) in tetreOiydrofuran (2 mL) , 
cunine (1.31 mmol) was added at tihe room tat^erature and stirred 
at 65°C for 4 hours . Thereto, ethyl acetate was added, and the formed 
organic phase was washed twice with an aqueous saturated sodium 
chloride solution, and dried over anhydrous magnesium sulfate. 
After the solvent was distilled off, the residue was purified by 
silica gel column chromatography, to obtain the intended substance. 

Synthesis example 50 
Yield: 30 % 

^H-HMR (CDCI3) 6 : 0.96-0.98 (m, 2H) , 1.10-1.78 (m, 5H) , 1.48 (s, 3H) , 
1.63-1.66 (m, IH) , 2.93-3.01 (m, 4H) , 3.52 (d, J =10.1 Hz, IH) , 
6.68 (d, jr=io.l Hz, IH) , 7.40-7.42 (m, 2H) , 7.63 (s, IH) , 8.14-8.17 
(m, 2H) , 8.66 (s, IH) , 10.29 (bs, IH) . 
MS (EI) m/z; 334 (bp), 471 [M]*. 

Synthes -i ^iramp},^ ffj 
Yield: 38 % 

^H-NMR (CDCI3) 6 : 0.92-0.95 (m, 2H) , 1.09-1.13 (m, 2H) , 1.19 (s, 3H) , 
1.50 (s, 3H) , 1.63-1.64 (m, IH) , 1.80-1.84 (m, 2H) , 2.58-2.68 (m, 
4H) , 3.56 (d, J =10.1 Hz, IH) , 3.71 (dd, J" =0.9, 10.1 Hz, IH) , 
7.14-7.27 (m, 5H) , 7.61 (s, IH) , 8.72 (d, J =0.9 Hz, IH) , 10.30 
(bs, IH) . 

MS (EI) m/z; 300 (bp), 439 [M]^. 

Synthesis examp le 52 
Yield: 71 % 

*H-NMR (CDCI3) 8 : 0.94-0.96 (m, 2H) , 1.10-1.17 (m, 5H) , 1.47 (s, 3H) , 
1.63-1.66 (m, IH) , 2.81-2.94 (m, 4H) , 3.50 (d, J =10.1 Hz, IH) , 
3.70 (d, J- =10.1 Hz, IH) , 6.96-7.22 (m, 4H) , 7.60 (s, IH) , 8.64 
(s, IH) , 10.25 (bs, IH) . 
MS (EI) m/z; 303 (bp), 443 [M]*. 
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Synthesi s example S3 
Yield: 47 % 

^H-HMR (CDCI3) 6 : 0.93-0.96 (m, 2H) , 1.10-1.17 (m, 5H) , 1.48 (s, 3H) , 
1.63-1.65 (m, IH) , 2.72-2.89 (m, 4H) , 3.50 (d, jr=10.1 Hz, IH) , 
3.67 (dd, J-=s0.7, 10.1 Hz, IH) , 3.77 (s, 3H) , 6.80-6.82 (m, 2H) , 
7.10-7.13 (m, 2H), 7.60 (s, IH) , 8.63 (s, IH) , 10.25 (bs, IH) . 
MS (FAB) m/z; 121, 456 [M+1]*. 

Synthesis ex^^ ynplf^ S4 
Yield: 54 % 

*H-NMR (CDCI3) 8 : 0.95-0.97 {m, 2H) , 1.10-1.17 (m, 2H) , 1.26 (s, 3H) , 
1.48 (s, 3H) , 1.63-1.67 (m, IH) , 2.76-2.94 (m, 4H) , 3.50 (d, J=10.2 
Hz, IH) ,3.67 (dd, J=1.0, 10.2 Hz, IH) , 6.94-6.99 (m, 2H) , 7.15-7.26 
(m, 2H), 7.61 (s, IH) , 8.61 (d, J =1.0 Hz, IH) , 10.26 (bs, IH) . 
MS (EI) m/z; 260 (bp), 443 [M]*. 

Synthesis example 55 
Yield: 53 % 

^H-NMR (CDCI3) 6 : 0.94-0.97 (m, 2H) , 1.11-1.17 (m, 5H) , 1.48 (s, 3H) , 
1.63-1.65 (m, IH), 2.79-2.94 (m, 4H) , 3.49 (d, J =10.3 Hz, IH) ,. 
3.67 (dd, J =0.9, 10.3 Hz, IH) , 6.90-7.01 (m, 3H) , 7.23-7.26 (m, 
IH), 7.62 (s, IH), 8.63 (d, J =0.9 Hz, IH) , 10.27 (bs, IH) . 
MS (EI) m/z; 301 (bp), 443 [M]*. 

Synthesis example 56 
Yield: 58 % 

^H-NMR (CDCI3) 6 : 0.87-0.90 (m, 2H) , 1-11-1.14 (m, 2H) , 1.17 (s, 3H) , 
1.48 (s, 3H) , 1.63-1.67 (m, IH) , 2.77-2.81 (m, 2H) , 2.89-2.93 (m, 
2H), 3.48 (d, J =10.3 Hz, IH) , 3.65 (d, J =10.3 Hz, IH) , 7.16- 
7.26 (m, 4H) , 7.62 (s, IH) , 8.65 <s, IH) , 10.28 (bs, IH) . 
MS (EI) m/z; 305 (bp), 460 [M]*. 

gynthes-is example 57 
Yield: 56 % 

^H-NMR (CDCI3) 6 : 0.92-0.95 (m, 2H) , 1.09-1.18 (m, SH) , 1.49 (s, 3H) , 
1.62-1.65 (m, IH), 2.73-2.92 (m, 4H) , 3.51 (d, J=10.2Hz, IH) , 3.67 
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(d, J- =10. 2 Hz, IH) , 3.77 (s, 6H) , 6.31 (s, 3H) , 6.37 (s, 2H) , 7.61 
(s, IH) , 8.64 (s, IH) , 10.26 (bs, IH) . 
MS (EI) m/z; 470 (bp), 486 [M]^. 

Synthesis example 58 
Yield: 52 % 

^H-NMR (CDCI3) 8 : 0.92-0.97 (m, 2H) , 1.10-1.16 (m, 2H) , 1.20 (s, 3H) , 
1.51 (s, 3H) , 1.63-1.68 (m, IH) , 3.64 (d, J=10.1Hz, IH) , 3.77-3.84 
(m, 3H) , 7.25-7.39 (m, 5H) , 7.67 (s, IH) , 8.88 (s, IH) , 10.34 (bs, 
IH) . 

MS (EI) m/z; 339 (bp), 411 [M]*. 

Synthesis example 59 
Yield: 57 % 

*H-Nl» (CDCI3) 8 : 0.93-0.96 (m, 2H) , 1.11-1.17 (m, 5H) , 1.47 (s, 3H) , 
1.63-1.65 (m, IH) , 2.68-2.71 (m, 2H) , 2.85-2.88 (m, 2H) , 3.46 (d, 
J- =10.1 Hz, IH) , 3.64 (d, =10.1 Hz, IH) , 6.62-6.64 (m, 2H) , 
6.70-7.02 (m, 2H) , 7.61 (s, IH) , 8.64 (s, IH) , 10.26 (bs, IH) . 
MS (EI) m/z; 333 (bp), 439 [M]^. 

Synthesis example 60 
Yield: 42 % 

^H-NMR (CDCI3) 8 : 0.94-0.97 (m, 2H) , 1.12-1.17 (m, 5H) , 1.49 (s, 3H) , 
1.63-1.67 (m, IH), 2.77-2.94 (m, 4H) , 3.49 (d, J =10.3 Hz, IH) , 
3.67 (dd, J -0.9, 10.3 Hz, IH) , 7.10-7.22 (m, 4H) , 7.62 (s, IH) , 
8.63 (d, J =0-9 Hz, IH) , 10.27 (bs, IH) . 
MS (EI) m/z; 334 (bp), 460 [M]*. 

Synthesis example 61 
Yield: 61 % 

^H-NMR (CDCI3) 8 : 0.94-0.97 (m, 2H) , 1.10-1.18 (m, 5H) , 1.48 (s, 3H) , 
1.63-1.66 (m, IH), 2.85-2.96 (m, 4H) , 3.53 (d, »7 =10 . 1 Hz, IH) , 
3-71 (d, J =10.1 Hz, IH) , 7.28-7.46 (m, 4H) , 7.60 (s, IH) , 8.66 
(s, IH) , 10.26 (bs, IH) . 
MS (EI) m/z; 259 (bp), 494 £M]*. 
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Syn-faheaj js «>xaiTip;^«* g2 
Red amorphous substance 

^H-NMR (CDCI3) d : 0.94-0.97 (m, 2H) , 1.12-1.15 (m, 2H) , 1.16 (s, 3H) , 
1.47 (s, 3H) , 1.61-1.67 (m, IH) , 2.79-2.96 (m, 4H) , 3.45 (d, J = 
9.9 Hz, IH) , 3.64 (d, J=9.9Hz, IH) , 7.22-7.32 (m, 5H) , 7.61 (s, 
IH) , 8.62 (s, IH) , 10.26 (s, IH) 
MS (EI) m/z; 418[M+1]*, 346, 309, 179 (bp). 

Synthesis exam ple 63 

Red crystal 

mp. : 169.0-170.0 'C 

^H-NMR (CDCI3) 6 : 1.17 (s, 3H) , 1.37 (s, 9H) , 1.47 (s, 3H) , 2.81-2.85 
(m, 2H), 2.93-2.97 (m, 2H) , 3.47 (d, J" = 10.1 Hz, IH) , 3.67 (d, 
J- = 10.1 Hz, IH) , 7.19-7.32 (m, 5H) , 7.63 (s, IH) , 8.74 (s, IH) , 
10.44 (s, IH) . 

MS (El) m/z; 441[M+1]*, 322, 268 (bp). 

Synthes is example 64 

Red cirystal 

mp. : 176.5-178.0 

^H-NMR (CDCI3) 6 : 1.18 (s, 3H) , 1.54 (s, 3H) , 3.05-3.16 (m, 3H) , 
3.26-3.30 (m, IH) , 4.06 (d, J= 8.6 Hz, IH) , 4.58 (d, J= 8.6 Hz, 
IH), 7.15-7.26 (m, 5H) , 7.73 (s, IH) , 8.65 (s, IH) , 10.66 (s, IH) . 
MS (EI) m/z; 453 [M]* (bp). 

Synthesis example 65 
Red amorphous substance 

^H-NMR (CDCI3) 8 : 1.02 (t, J = 6.8 Hz, 3H) , 1.24 (s, 3H) , 1.52 (s, 
3H), 1.83 (s, 3H) , 2.68-2.96 (m, 4H) , 3.33 (q, J= 6.8 Hz, IH) , 
3.63 (d, J = 10.1 Hz, IH), 3.74 (d, J= 10.1 Hz, IH) , 3.77-3.90 
(m, IH) , 7.19-7.39 (m, 7H) . 
MS (PAB) m/z; 428 [M]"^ (bp), 268, 105. 

Synthesis example 66 
Red amorphous stibstance 

^H-NMR (CDCI3) 8 : 1.15 (s, 3H) , 1.33 (t, J= 7.1 Hz, 3H) , 1.46 (s, 
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3H), 2.82-2.86 (m, 3H) , 2.91-2.96 (m, IH) , 3.08-3.13 (m, 2H) , 3.59 
(d, J-=10.1Hz, IH) , 3.65 (d, J= 10.1 Hz, IH) , 6.58 (s, IH) , 7.22-7.26 
(m, 3H) , 7.31-7.34 (m, 2K) , 7.53 (brs, IH) , 7.60 (s, IH) , 

MS (EI) m/z; 385[M]% 314, 266, 223 (bp). 

Synthesis examp le 67 
Yellow oil 

^H-HMR (CDCI3) 8 : 1.18 (s, 3H) , 1.48 (s, 3H) , 2.75-3.00 (m, 6H) , 3.52 
(d, A part of AB, J = 9.9 Hz, IH) , 3.70 (d, B part of M, J" = 9.9 
Hz, IH) , 7.18-7.35 (m, 5H) , 7.62 (s, IH) , 8.45 (s, IH) , 8.66 (s, 
IH) , 9.98 (s, IH) . 
MS (EI) m/z; 385 [M]^, 313 (bp). 

Synthesis example 68 

Derived fxam (+)-(31?*, 
dihydro-2 , 2-dimethyl-7-nitro-2H 
Yellow amorphous siibstance 
[a] +104.6 (c 0.64, EtOH) 

Synthesis example 69 

Derived from (+) - (31?*, 411*) -6-acetamide-3 , 4-epoxy-3 , 4- 
dihydro-2,2-dimethyl-7-nitro-2H-l-benzopyran (99% ee or more) . 
Yellow crystal 

(HCl salt): mp. 246-247 °C (decooip.). 
(HCl salt): [alp" -71.8 (c 0.38, EtOH) 

Synthesis example 70 

Derived from (+)-(3R*, 4R*) -3,4-epoxy-6-cyclopropylamide- 
3 , 4-dihydro-2 ,2-dimethyl-7-nitro-2H-l-benzopyran (99% ee or 
more) . 

(HCl salt) : Yellow crystal 

(HCl salt): n^. 241-246 "C (decon^.). 

(HCl salt): [ a ] "92 . 1 (c 0.45, EtOH) 

Synthesis example 71 

Derived from (+)-(3Jl*, 4JR*)-3,4-epoxy-3,4-dihydro-2,2- 



411*) -6-acetamide-3 , 4-epoxy-3 , 4- 
-1-benzopyran (99% ee or more) . 
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dijaethyl-7-nitro-6-trif luoroacetamide--2H-l-benzopyran (99% ee or 
more) . 

(HCl salt:) : Yellow cryst;al 
(HCl salt): mp. 243 ""C (decomp.). 
[a] -54.8 (c 0.5, EtOH) 

Synth^gjLg ^pcgmple 72 

Derived from (+) - AR*) -6-acetamide-3 , 4-epoxy-3 , 4- 

dihydro-2,2-dimethyl-7-nitro-2H-l-benzopyran (99% ee or more) • 
Red amorphous siibs'tance 
[a] -64.3 (c 1.03, EtOH) 

Synthesis example 73 

Derived from (-) - {3R* , 
dihydro-2 , 2 -dimethyl -7 -nitro-2H 
Red amorphous substance 
[a] +61.2 (c 0.98, EtOH) 

Synthes -jg ^^^mpl^^ 74 

Derived from (+)-(3I?*, 
dihydro-2 , 2-dimethyl-7-nitro-2H 
Red amorphous substance 
[a] "d -64.6 (c 1.00, EtOH) 

Sy n the sis ex ^ wip 1 <a 7 S 

Derived from (-) - (3R*, 
dihydro-2 , 2-dimethyl-7-nitro-2H 
Red amorphous substance 
(a] ^\ +60.8 (c 0.93, EtOH) 

Synthesis example 76 

To a solution of (+) - (3R*, 4K*) -3 , 4-epoxy-6-iso- 
propylamide-3 , 4-dihydro-2 , 2-dimethyl-7-nitro-2H-l-benzopyram 
(1.0 g, 3.59 mmol) and lithium bromide (1.24 g, 14.36 mmol) in 
acetonitrile (10 mL) , 4-f luorophenethylamine (1.88mL, 14.4 mmol) 
corresponding to respective 4 -position substituent was added at 



AR*) -6-acetamide-3 , 4-epoxy-3 , 4 
-1-benzopyran (99% ee or more) . 



4JR*) -6-acetamide-3 , 4-epoxy-3 , 4- 
-1-benzopyran (99% ee or more) . 



4R*) -6-acetamide-3 , 4-epoxy-3 , 4 
-1-benzopyran (99% ee or more) . 
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1:he room ^emperat;ure and stirred at: 65 £or 2 hours. There1::o, ethyl 
acetate was added, and the formed organic phase was washed wxth 
a saturated sodium hydrogencarbonate solution and an aqueous 
saturated sodium chloride solution and dried over anhydrous 
magnesium sulfate. After the solvent was distilled off, the residue 
was purified by silica gel column chromatography, to obtain the 
substance substituted by amine at 4-position. Subsequently, to a 
solution of the stabstance substituted by amine at ^--position in 
ethanol (10 times by volume) , concentrated hydrochloric acid (6 
equivalents) was added at the room temperature and heated to ref lust 
at 90 for 1 day. Thereto, a saturated sodium hydrogencarbonate 
solution was added and extracted with ethyl acetate , and the formed 
organic phase was washed once with an aqueous saturated sodima 
chloride solution and dried over anhydrous magnesium sulfate . The 
solvent was distilled off, to obtain the substance deamidated at 
6-position. Subsequently, to a solution of the substance deamidated 
at 6-position in dimethylformamide (20 times by volume) , a 4N 
hydrogen chloride - dioKane solution (1.4 equivalents) was added 
at the room temperature and stirred for 10 minutes . An acid chloride 
(1.5 equivalents) corresponding to the 6-position substituent was 
added dropwise and stirred for 1 hour, then methainol (1 mL) was 
added and stirred further for 10 minutes . Thereto, water was added 
and extracted with ethyl acetate, and the formed organic phase was 
washed with a saturated sodium hydrogencarbonate solution and an 
aqueous saturated sodium chloride solution and dried over anhydrous 
magnesiism sulfate. After the solvent was distilled off, the residue 
was purified by silica gel column chromatography, to obtain the 
intended substance. Subsequently, to a solution of the intended 
substance in methanol (10 times by volume) , a 10% hydrogen chloride 
— methanol solution (twice by volume) was added with ice-cooling 
and stirred for 30 minutes. Thereto, diisopropylether (100 times 
by volume) was added, and the obtained crystals were filtered off, 
washed with diisopropylether, to obtain the intended hydrochloride . 

Yellow crystal 

mp. : 244-245 ''C (decomp.) . 
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[ct] ^\ -67.3 (c 0.4, EtOH) 



[Preparation Exasiples] 
Prepar ation Ey atiffpl** 1 
Tablet: 



a compound according to the invention 



10 g 
260 g 
600 g 
350 g 
100 g 



lactose 



crystal cellulose powder 



corn starch 



hydroxypropyl cellulose 



CMC-.Ca 



150 g 
30 g 
1,500 g 



magnesium stearate 



total 



The above-mentioned compounds were mixed by a usual method 
and thereafter 10,000 sugar-coated tablets each containing 1 mg 
of the active ingredient per a tablet were prepared. 

Preparation Example 2 
Capsule : 

a compound according to the invention 10 g 

lactose 440 g 

crystal cellulose powder 1,000 g 

magnesi^-'in ffte?''"?te 50 g 

total 1,500 g 

The above-mentioned compounds were mixed by a usual method 
and thereafter filled in gelatin capsules, to prepare 10,000 
capsules each containing 1 mg of the active ingredient per a capsule . 
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Preparation Ex^ m^le 3 
Soft capsule: 

a compound according to the invention 
PEG 400 

saturated fatty acid triglyceride 
pepperzoint oil 

Polygorbate 80 



1,500 g 



10 g 
479 g 



1 g 
IQ g 



Total 



2,000 g 



The above-mentioned compounds were mixed by a usual method 
and thereafter filled in No. 3 soft gelatin capsules, to prepare 
10,000 soft capsules each containing 1 mg of the active ingredient 
per a capsule. 

Preparation Example 4 
Ointment : 

a compound according to the invention 1.0 g 

liquid paraffin 10.0 g 

cetanol 20 . 0 g 

white vaseline 68.4 g 

ethylparaben 0 . 1 g 

X -menthol , 0.5 g 

total 100.0 g 

The above-mentioned compounds were mixed by a usual method 
to obtain 1% ointment. 

Preparation Ey f»"Pl^ 5 
Suppository : 

a compound according to the invention 1 g 

Witepsol H15* 478 g 

Witepsol H35* 520 g 



trade name Witepsol for triglyceride type compounds) 

The above-mentioned compounds were melt-mixed by a usual 
method, poured into suppository containers and cooled to solidify, 
thereby 1,000 suppositories (1 g) each containing 1 mg of the active 



Polysorbate 80 
Total 



1-g 

1,000 g 
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xngredxent: per a suppos±1:ory were prepared « 



Preparation Example 6 
In3ect:±on: 

a coznpound according "bo t:he invenl^ion 
distillled waiter for lnject:ion 



1 mg 
5 mil 



It is used by dissolving when applied. 
[Pharmacological Test Example] 

Pfffectg q£. compound on the — fymetioy^aJl, refr^qtoyy period in 

guinea- pig left atrium muscle and right ventricular papillary 

muscle 

Test method 

Hearts were removed from guinea-pigs, and left atrium muscle 
or right ventricular papillary muscle were isolated therefrom in 
a Krebs-Henseleit solution aerated with 95% O2 + 5% CO2 - The samples 
were stimulated electrically at a rate of 1 Hz and a voltage of 
1 • 5 times of the threshold value reacted to stimulation (basic 
stimulation; SI) by using an electric stimulating apparatus. The 
contraction occurred at that time was recorded by a thermal stylus 
recorder via a FD pickup and a strain pressure amplifier. The 
functional refractory period is defined as the shortest tdLme 
interval between SI resulting from determinable contraction and 
an extra stimulation (S2) . The time interval between SI and S2 in 
the left atrium muscle sample was started from 150 msec, decreased 
in 10 msec steps until 100 msec, and thereafter 5 msec steps to 
the functional refractory period. For the right ventricular 
papillary muscle sample, it was started from 300 msec and decreased 
in 10 msec steps until the functional refractory period. Herein, 
S2 was set at twice of the threshold value which reacted to 
stimulation. The experimental temperature was 36±1*'C. Herein, the 
solvent did not influence on any of the functional refractory 
periods for left atrium muscle and right ventricular papillary 
muscle. After determining the basic value before addition of the 
compound, the compound was added cumulatively, incubated for 15 
minutes for respective concentration, and thereafter the functional 
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refractory period was determined. 
Resnlts 

Compounds according to the present invention exhibited strong 
prolongation effect on the functional refractory period (FRP) on 
atrium muscle. 



Synthesis 
example No. 


Prolongation 
effect on FRP 
EC,„(mM) 


Synthesis 
example No. 


Prolongation 
effect on FRP 
EC,„(nIV!) 


1 


6.1 


5 


5.5 


3 


4.0 


6 


1.4 


4 


5.0 


8 


1.8 



Compounds according to the present invention exhibit strong 
prolongation effect on the functional refractory period, thus they 
are useful for improvement of arrhythmia. Therefore, the present 
invention can provide useful antiarrhythmic agents . 
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CIAIMS 

1. A benzopyran deriva-bive of t:he formula (I) 




wherein, and represent: each independently a hydrogen a'boxn, 
a C^.g alkyl group in which said alkyl group may be optionally 
substituted with a halogen atom, a C^.g alkoxy group or a hydroxyl 
group ; or a phenyl group in which said phenyl group may be optionally 
substituted with a halogen atom, a hydroxyl group, a nitro group, 
a cyano group, a C^^.g alkyl group or a C^^g alkoxy group, 

R^ represents a hydroxyl group or C^.g alkylcarbonyloxy group , 
R^ represents a hydrogen atom, or R^ and R^ together form a 

bond, 

m represents an integer of 0-4, 
n represents an integer of 0-4, 

Y is absent, or represents CR^^R^^ in which R^^ and R^^ represent 
each independently a hydrogen atom or a C^^g alkyl group, 

R^ represents an azryl group or a heteroaryl group in which 
said aryl group and said heteroaryl group may be optionally 
substituted with q- (R^^) , in which R^^ represents a halogen atom, 
a hydroxyl group, a C^.g alkyl group in which said alkyl group may 
be optionally substituted with a halogen atom or a C^.g alkoxy group; 
or R^° represents a nitro group, a cyano group, a formyl group, a 
formamide group, an amino group, a C^-e alkylamino group, a di- 
Ci.galkylamino group, a C^.g alkylcarbonylamino group, a C^.g 
alkyl sulfonylamino group, an aminocarbonyl group, a C^.g 
alkylaminocarbonyl group , a di-C^.g alkylamxnocarbonyl group , a C^^g 
alkylcarbonyl group, a C^.g alkoxycarbonyl group, an aminosulf onyl 
group, a C^.g alkylsulfonyl group, a carboxyl group or an 
arylcarbonyl group, q represents an integer of 1-3, and each R^° 
may be same or different If q represents 2 or 3, 
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R represents a hydrogen at:o2n or a C^.g alkyl group , 

b7 represents a hydrogen atom or a C^.g alkyl group , 

X is absent, or represents C=0 or SO2, 

represents a hydrogen atom, a C^.g alkyl group In which said 
alkyl group may be optionally substituted with a halogen atom, a 
hydroxyl group or a C^^g alkoxy group; or Cg.g cycloalkyl group, and 

R^ represents a hydrogen atom, a halogen atom, a nitro group 
or a cyano group; 

or a pharmaceutically acceptable salt thereof. 

2 . A benzopyran derivative or pharmaceutically acceptable salt 
thereof according to claim 1 , wherein R^ and represent both methyl 
groups , R^ represents a hydroxyl group and R^ represents a hydrogen 
atom. 

3 . A benzopyran derivative or pharmaceutically acceptable salt 
thereof according to claim 2 , wherein R^ represents a hydrogen atom 
or a nitro group. 

4 . A benzopyran derivative or pharmaceutically acceptable salt 
thereof according to claim 3, wherein X represents C^O, and R^ and 
R^ represent both hydrogen atoms . 

5 . A benzopyran derivative or pharmaceutically acceptable salt 
thereof according to claim 4, wherein R^ represents a benzene ring, 
Y is absent, m represents 0, and n represents 1 or 2 . 

6. A benzopyran derivative or pharmaceutically acceptable salt 
thereof according to claim 5 , wherein R represents an alkyl group , 
R^ represents a nitro group, and n represents 2. 

7 . A drug characterized by comprising a benzopyran derivative 
or pharmaceutically acceptable salt thereof according to claim 1 
as an active ingredient. 



8. 



A drug for treating arrhythmia characterized by comprising 
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a benzopyran derivative or pliarmaceutxcally acceptable salt thereof 
according to claim 1 as an active ingredient. 
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